Objective: To determine the efficacy of subconjunctival injection of bevacizumab in regressing corneal neovascularisation. Study Design: Case series. Place and Duration of Study: Department of Ophthalmology, Chandka Medical College and Hospital, SMBBMU, Larkana, Pakistan, from October 2015 to March 2016. Methodology: A total of 95 patients with corneal neovascularisation of more than 3 months' duration and with no history of previous or current anti-VEGF treatment were included in the study. Patients with any other active ocular disease or using any medication were excluded from the study. Subconjunctival injection of bevacizumab 0.05 ml (1.25 mg) was given near the limbus where maximum neovascularisation was seen. The final outcome was assessed after one month of injection; Pre-and post-treatment slit-lamp examination was done and corneal photograph was taken with anterior segment digital camera to see any regression in corneal neovessels from the baseline. Results: Out of the total 95 patients, 62 (65.3%) were males and 33 (34.7%) were females, 18 (18.9%) patients were known cases of diabetes mellitus and 8 (8.4%) had hypertension. Mean age was 38.46 ±10.01 years. Mean duration of corneal neovascularisation was 1.81 ±3.68 years. After subconjunctival injection of bevacizumab, 14.7% patients showed regression in corneal neovascularisation. Conclusion: Subconjunctival injection of bevacizumab is a promising modality for treatment of corneal neovascularisation and may be used in adjunct to other therapies.
INTRODUCTION
Cornea contributes the majority of the refractive power of the human eye and also provides a clear entrance pathway to the light rays. Corneal transparency is dependent on many factors like the basal metabolic homeostasis, corneal ultra-structure and its arrangement, tight junctions between corneal epithelial cells and corneal endothelial cells, the corneal endothelial pump and the corneal avascularity. A vessel-free cornea is not only essential for its transparency but also for maintaining its immune privilege, which makes it the best tissue in the human body for grafting. Normally, there are low levels of angiogenic factors and high levels of anti-angiogenic factors in the cornea and any imbalance may lead to neovascularisation. 1 This imbalance may be caused by infections, inflammations, ischemia, physical trauma, chemical injury and degeneration. Neovascularisation of cornea causes marked impairment of vision and is the main risk factor for rejection after keratoplasty. Approximately, 4% people in the United States are suffering from corneal neovascularisation (KNV) and another 1.4 million may develop it yearly. 2 Millions more lose their sight because of corneal neovascularisation worldwide. 3 Prevalence or incidence of corneal neovascularisation in Pakistan has not been reported yet; but the burden of the problem is assumed to be huge as corneal blindness is the second most common cause of blindness in Pakistan. 4 VEGF is one of the most important mediators of angiogenesis and is upregulated during neovascularisation. 5 Keeping this fact in mind, the anti-VEGF (anti-vascular endothelial growth factor) agents have effectively been used to treat many ocular diseases involving neovascularisation, such as, retinopathy of prematurity (ROP), neovascular age-related macular degeneration (nARMD), neovascular glaucoma (NVG), diabetic retinopathy, 6 and macular edema. 7 Recently, anti-VEGF agents have been tried for treating corneal neovascularisation with propitious results. Bevacizumab is a very effective recombinant humanised monoclonal anti-VEGF antibody. It has been used effectively to treat corneal neovascularisation in many animal models; 8 and furthermore, it has safely been used as an off label drug in human studies as well. Bevacizumab has shown to be of valuable help in cases of high risk corneal transplants by causing regression of the neovessels and improving graft survival. 9 
METHODOLOGY
This study was carried out at the Department of Ophthalmology, Chandka Medical College and Hospital, SMBBMU, Larkana, Pakistan, from October 2015 to March 2016. Patients aged 18-60 years, having corneal neovascularisation of more than 3 months' duration were included in the study after taking written informed consent. Patients having any other active ocular disease, like uveitis, conjunctivitis etc., and those with history of taking previous anti-VEGF treatment or any concurrent local therapy, were excluded from the study.
Slit lamp examination was performed, and corneal photograph was taken with the anterior segment digital camera for assessing corneal neovascularisation and for post-treatment comparison. The eye with corneal neovascularisation was anesthetised with proparacaine (1%) eye drops, and subconjunctival injection of bevacizumab 0.05 ml (1.25 mg) was given near the limbus where maximum neovascularisation was seen. All the procedures were performed under complete aseptic condition. Patient was then called for follow-up at two weeks and one month intervals after the injection was given. The final outcome was assessed after one month of injection, slit lamp examination was done, posttreatment corneal photograph was taken, and compared with the earlier one. Efficacy was considered as present if minimum 1% regression in corneal neovessels from the baseline was observed in the corneal photograph. All the collected information were entered into the predesigned proforma. SPSS version 20 was used for data entry and analysis. Frequencies and percentages were calculated for gender, efficacy (Yes/No), diabetes mellitus and hypertension. Mean ± standard deviation were calculated for age and duration of corneal neovascularisation. Stratification was done for gender, age, diabetes mellitus, hypertension and duration of corneal neovascularisation to control the effect modifiers. The post-stratification Chi-square test was applied taking the p-value <0.05 as statistically significant.
RESULTS
Ninety-five eyes of 95 patients with corneal neovascularisation of more than 3 months' duration were included in the study. Out of the total 95 patients, 62 (65.26%) were males and 33 (34.74%) were females. Mean age of the patients was 38.46 ±10.01 years, ranging from 18 to 60 years. Mean duration of corneal neovascularisation was 1.81 ±3.68 years ranging from three months to 25 years. Out of the total 95 patients, 18 (18.95%) patients were known cases of diabetes mellitus and eight (8.42%) patients were known cases of hypertension.
After subconjunctival injection of bevacizumab into 14 (14.74%) eyes, out of the 95 eyes of 95 patients, it showed regression in corneal neovascularisation and were labelled as Efficacy / yes. Stratification of gender showed regression in corneal neovascularization in 9 (14.52%) eyes of males and 5 (15.15%) eyes of females, (p=0.934), which was found to be statistically non-significant.
In stratification of age groups, regression in corneal neovascularisation was found in 9 (25.71%) eyes in the age group of 18-35 years and in 5 (8.33%) eyes in the age group of 36-60 years, which was statistically significant (p=0.021). Stratification of diabetes and hypertension showed both to be statistically nonsignificant with p-value of 0.222 and 0.392, respectively. When stratification of duration of corneal neovascularisation was performed, regression in corneal neovascularisation was found in 14 (15.56%) eyes with duration 3 months-5 years and none (0%) with duration more than 5 years showed regression in corneal neovascularisation (p=0.340), which was found to be statistically non-significant (Table I) .
DISCUSSION
Corneal neovascularisation compromises the corneal transparency leading to the loss of visual acuity and also causes increased susceptibility to graft rejection. Treatment strategies for corneal neovascularisation, presently under use, include both medical and nonmedical therapies including surgical interventions. Medical therapies include Anti-VEGF agents, steroids, nonsteroidal anti-inflammatory agents, tetracycline and immunosuppressive agents like cyclosporine. Nonmedical therapies include, fine-needle diathermy, 10 laser photocoagulation, 11 photodynamic therapy, 12 and surgical procedures like conjunctival autograft, limbal autograft, limbal stem cell transplantation and amniotic membrane transplantation. It is now a proven fact that the vascular endothelial growth factor promotes angiogenesis in cornea. From the time when the first study reported successful regression in corneal neovascularisation in Efficacy of subconjunctival injection of bevacizumab in regressing corneal neovascularisation humans, by using topical anti-VEGF antibodies, 13 there has been no looking back since then and various anti-VEGF agents are now used for the treatment of corneal neovascularisation. Previously, it was thought that topically applied drugs are the safer and more effective mode of therapeutic agent delivery in the treatment of various ocular surface disorders. But, it is now proven that agents given as subconjunctival injection have greater ability to penetrate the intact corneal epithelium than those drugs which are topically applied; 14 and hence, are a better way of dealing with corneal diseases, especially corneal neovascularisation. In this study, bevacizumab which is a humanised monoclonal antibody against all isoforms of VEGF, was used in a single subconjunctival injection for treating corneal neovascularisation.
In this study, males (65.26%) were in majority in comparison to females (34.74%). Similar findings, showing male predominance at 60.86%, were also reported by another study from Pakistan, which was conducted on patients with corneal disease. 15 The male predominance in this study could probably be explained by the fact that the male population of Pakistan is greatly vulnerable not only to outdoor risk factors for developing ocular surface diseases, but also to ocular trauma and professional hazards as reported by Shah et al. 16 This study also highlights the fact that the patients who are in their middle ages are more susceptible to develop corneal neovascularisation as is clearly evident from the fact that the mean age ± standard deviation of the patients in this study was 38.46 ±10.01 years, also reported in their study by Lodhi et al. 17 The final outcome of this study demonstrated that after subconjunctival injection of bevacizumab, eyes of 14.74% patients showed regression in corneal neovascularisation (Figures 1 and 2) . These results are similar to that reported by the study conducted by Mirabelli et al. 18 Many other studies carried out around the world have reported variable results, although majority of them have reported subconjunctival injection of bevacizumab to be effective in regressing corneal neovascularisation.
Studies conducted on this topic in Pakistan also have reported variable results with Hussain et al. reporting that subconjunctival injection of bevacizumab is effective in regressing the corneal neovascularisation partially, 19 which somewhat resemble the results of this study. On the other hand, Bhatti et al. reported that subconjunctival injection of bevacizumab has not proved to be effective in regressing corneal neovascularisation. 20 Most probably, the overall variation in the results reported in the literature is due to the difference in dosage of the drug used, number of injections given, and the duration of treatment and follow-up. You et al. observed in their study that the increase in dosage of bevacizumab, leads to increase in the efficacy; and hence, better results. 21 They used a double dosage regimen of 2.5 mg and 5 mg, on two different treatment groups and noticed more regression of corneal neovessels with the higher dose, 21 while a dose of 1.25 mg/0.05 ml has been used in this study. In addition, this study has evaluated the patients for the final treatment outcome after one month of a single subconjunctival injection of bevacizumab, in contrast many other studies have used multiple injections, have reported longer duration of treatment and follow-up, ranging from three months to six months. 22 Based on the above discussion, it may be presumed that the administration of a single injection of bevacizumab, smaller dosage and a shorter duration of treatment and follow-up may have led to the inferior results in this study.
Recent results have indicated that early treatment with subconjunctival injection of bevacizumab had a better therapeutic outcome than delayed treatment, as the corneal neovascularization reduced considerably more in the group treated early. 23 This finding was also evident in this study as shown by the stratification of age groups and duration of corneal neovascularisation. This study also demonstrated through stratification that the presence of diabetes mellitus or hypertension did not affect the results and neither did the gender.
Although a comprehensive comparative study between the newer Anti-VEGF agents would have been ideal in this scenario, but this study had financial limitations, as the newer anti-VEGF agents are expensive, and the limitations of availability as well. A comparative study, conducted on an animal model of corneal neovascularisation was carried out to find the most potent among the anti-VEGF agents in regressing corneal neovascularisation; all delivered as a subconjunctival injection. The study reported bevacizumab to be the most effective agent in regressing corneal neovascularisation. 24 As it is now a well-known fact that besides VEGF, many other molecules and factors also contribute to the pathogenesis of corneal neovascularisation, which include fibroblast growth factor, angiostatin, endostatin, matrix metalloproteases, platelet derived growth factor, pigment endothelium derived factor, tumor necrosis factor, thrombospondin, insulinlike growth factor, and placental growth factor to name a few. A study conducted in this regard has revealed that combination therapy with bevacizumab and etanercept (a tumor necrosis factor- inhibitor) has proved to be more potent in regressing corneal neovascularisation than mono-therapy. 25 Further research is underway to target more of these factors which control other pathways in the pathogenesis of corneal neovascularisation, in addition to the VEGF pathway. Although, uptill now a clear consensus about a perfect treatment of corneal neovascularisation has not been reached, but the future seems to be bright as combination therapies have promised better therapeutic outcomes.
CONCLUSION
Subconjunctival injection of bevacizumab is an effective treatment option to regress corneal neovascularisation. Additionally, it has also proved to be a rather safe treatment modality. Moreover, using multiple injections of bevacizumab, increasing the drug dosage and duration of treatment, may lead to much better therapeutic outcomes. Recent treatment options for corneal neovascularisation including combination therapies have vowed a future to look forward to with optimistic results.
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